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Measurements are reported of the drag coefficient and Strouhal number of a dimpled circular cylinder over 
the Reynolds number range from 2 X 10^ to 3 x 10^. The ratio of the depth of the d imples to the diameter of the 
cylinder is 9xl0~^. In common with sand-roughened cylinders, the dimpled cylinder has a lower critical 
Reynolds number than a smooth cylinder. After the drag cocrHcieiit minimum, the Cp (toes not rise to the high 
values that are typieal of i'N liiulers with sand i oiigliness bnt i> rouiul to be closer to that for a smooth cylinder. 
Over a Reynolds number range from about 4X10^ to 3x10^, a dimpled circular cylinder has a lower drag 
coefficient than a smooth cylinder. 


Introduction 

A CIRCULAR cylinder generates a high mean drag and 
large fluctuating forces. Over ilie last 40 years or so a 
considerable number of investigations have been carried out to 
study ways of reducing these forces, ciilier by controlling the 
flowpassively or by using so me. form of active control. Among 
the passive control devices that h;i\-e been studied arc wake 
splitter plates' and perforated shrouds.-^ The latter device has 
been used to suppress tlow- induced vibration of cylinders 
caused by the regular shedding of vortices. The fitting of heli- 
cal strakes^ is another means of reducing the vibration levels of 
circular cylinders excited by vortex shedding. However, a ma- 
jor disadvantage of using strakes is that they increase the drag 
force above the equivalent value for a plain cylinder. This 
increase is particularly large at postcriiical Re} noMs numbers. 
Perforated shrouds are interesting in tliat they reduce the drag 
coefficient, relative to a plain cylinder, at subcritical Re> nolds 
numbers but they increase it at posicritieal values. 

There is a broad range of Re\'no! 1.- i imhcr, spannii ^' the 
transition between the subcritical luuI posieritica! regimes and 
stretching far abo^'e it, where the flow around a circular cylin- 
der can be influenced significantly by increasing the roughness 
of its surface. For a cylinder with a smooth surface, placed in 
a low-turbulence level stream, the start of the drag coeflleicnt 
fall, marking the beginning of the eiitical regime, occurs at a 
Reynolds number oi^ around 3X10\ At Reynolds numbers 
below this value, the application oC aw appropriate dei' ve of 
surface roughness can be a very elVeetive meiins of rct aeing 
the drag coeflleicnt. However, as ^iitiw ii b>' Acheubacl / the 
reduction in Co for a rou£;li eylind r I'le Re>'nolds ni ;nbcr 
is increased through the critical re:'' ■ . • ie>s th.ni that 1 : one 
with a smooth surtaee. In general, t'le louglier the c; iider 
surface, the lower the value of the liIi'cuI Reynolds nu i.ber, 
but the smaller the fall in Co tlitoi.gli the critical r^ :ime. 
Achenbach also showed that in the 1 igh Re> nolds n iber 
postcritical regime a cylinder with :i agli surface finisi .uvs a 
higher drag coenicieni (iKin one witii a smooth surface.. 

The flow around a sphere depeiuls on surface rough; 'ss in 
a manner very similar U) the wj>' \ v\ hness nffeets ll How 
around a circular eylinder. As p.iri nl ...i in\e.siigation i: . > tite 
aerodynamics of golf balls, Bearn^.iu . .ui liar*e\^ coi .ired 
their measurements of the variaiii) : . t , w itli lte\'nold l um- 
ber for a' dimpled golf h.* II widi n; .iciiiS t f.Ache ach^ 
for spheres with sand-grain rough . flic cuiuparist.* s le- 
produced in Tig. I . Achenbach e. .lt.J out a series of . j)eri- 
nients for spheres with \ arious rati> s ^ ■ the a\eiagc di letcr 
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of the sand grains Jc to the sphere diameter D . It can be seen 
frotn Fig. 1 that, for sand-roughened spheres, increasing k/D 
reduces the Reynolds number for the drag coefficient fall but 
that after the minimum tiie Co increases rapidly again with 
increasing Reynolds number. The increased Co with increased 
srrface roughness in tiie postcritical regime is thought to be 
d ■ nriinly to the e'l'ect of the roughness on the development 
0. die turbulent boundary kiyer growing on the sphere. Com- 
pared Willi a smooth suri'acc, the roughness causes a thicken- 
ing of the boimdar>' layer, which leads to an earlier separation 
of the flow. Equating k to the depth of the dimples on a golf 
ball, then for a typical golf ball the corresponding value of 
k/Dis Px I0~^. For similar values of k/D, the results in Fig. 1 
suggest that dimples cause the Qj to fall at a lower Reynolds 
number than for a sand -roughened sphere. Also it is evident 
tl tt after this fall the drag coefficient remains almost constant 
at about (*.25 for the golf ball, whereas for the sand-roughened 
sn'-crc it rises sharply :ifter tlie minimum and asymptotes to a 
\ ' le of about 0. t I le lee. '\v considering drag coefficient 
N.i^aes, it appears ti.at in ilie postcritical regime the dimples 
ii:i\ e a more bcnellcial el feet on the flow development than 
sand rougliness. 

riie present paper describes the results of experiments to 
assess the effect of dimples on the flow around a circular 
e; ..nJer as it undergoes Iran.- it ion from subcritical to postcrit- 
How. The main aim of" the investigation was to determine 
V j:her dimples ci\ \ be used to control the flow in the same 
\ ■ as on a sphere. I 'lis paper has been prompted by a recent 
ev erin.enial and eon-pu' iliona! study reported by Kimura 

i fstitahara' t n i le effeel of spanwise grooves on the flow 
.id a circu',1 . li* I he width and depth of the 

o\es. relative ;o :e eii: n.ljr of the eyhnder, were chosen 
U oe similar to the diameter and depth of dimples on a golf 
b.i'.',. In their experiments, which were carried out at a Rey- 
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